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R946neocentromere from chromosome 11 
is shown in Figure 1A.
Do neocentromeres lead to disease? 
Not necessarily. What they do is 
stabilize chromosome fragments that 
would have otherwise been lost from 
daughter cells during cell division. 
Thus, it could be for some individuals 
that cells (or embryos) would have 
died due to chromosome loss if 
a neocentromere had not formed 
following inactivation of the natural 
centromere. Furthermore, centromere 
inactivation is likely to be linked with 
other forms of chromosome damage, 
so therefore by keeping the cell/
embryo alive, the neocentromere 
could be said to ‘cause’ aneuploid 
individuals to survive, and aneuploidy 
is linked with a number of diseases, 
including cancer. On the other hand, 
neocentromeres are sometimes 
generated in otherwise normal 
cells and can be fixed as natural 
centromeres during evolution. 
These are called ‘evolutionally new 
centromeres’ (ENCs). Whereas 
some ENCs have acquired repetitive 
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What is a neocentromere? A 
neocentromere is a new centromere 
that forms on a chromosome at 
a location that is normally not 
centromeric — usually as a result of 
disruption of the natural centromere. 
Whereas most natural centromeres 
contain highly repetitive sequences, 
neocentromeres usually possess 
unique sequences. The discovery 
of neocentromeres is the best 
evidence in support of the idea 
that centromeres are specified by 
sequence-independent epigenetic 
mechanisms in most organisms. 
Why are neocentromeres so 
interesting? As they do not 
contain repetitive sequences, 
neocentromeres provide a powerful 
tool to examine epigenetic 
mechanisms for centromere 
specification. The centromere-
specific histone H3 variant CENP-A 
is the crucial epigenetic marker for 
centromeres and the CENP-A binding 
region can be precisely mapped 
at neocentromeres. In addition, 
other histone modifications can 
be examined in neocentromeres. 
Neocentromeres also offer the best 
opportunity for detailed mapping 
of the distribution of centromere 
proteins along the DNA sequence by 
various ChIP methods.
When were the first human 
neocentromeres discovered? A case 
of a centromere moving from one 
place to another on a chromosome 
in a patient with mild developmental 
delay was first reported in 1993. This 
chromosome, termed the ‘mar del 
(10)’ chromosome by Andy Choo, 
was mitotically stable, but lacked 
alpha-satellite, the major repeat 
sequence underlying all human 
natural centromeres. Although there 
was no detectable alpha-satellite 
sequence in the mar del (10), all 
of the centromere proteins were 
detected on a new position, which 
Andy termed a neocentromere. An 
unpublished example of an early 
Quick guide sequences during evolution, non-repetitive ENCs are found in horses, 
orangutans, and chickens. ENCs are 
a kind of natural neocentromere.
Where else have neocentromeres 
been found? They have been found 
in almost all organisms, where looked 
for. Neocentromeres have been 
generated not only spontaneously 
but also experimentally in fission 
yeasts, other fungi and higher 
plants. Chromosome engineering 
with chicken DT40 cells recently 
created over 100 neocentromeres on 
chicken chromosome Z (Figure 1B). 
Whereas these neocentromeres were 
generated at multiple positions on 
chromosome Z, more than 70% of 
them formed close to the location of 
the original centromeres.
When does a ‘knob’ become a 
neocentromere? In corn (maize) 
heterochromatic regions known 
as ‘knobs’ on some chromosomes 
bind to microtubules during 
meiosis. This only occurs in corn 
plants that contain a particular 
Figure 1. Neocentromeres can be created spontaneously or experimentally.
(A) Neocentomere-containing chromosome 11 (11n) was found in a human patient by staining 
with anti-centromere antibodies (WCE, 1989, unpublished). This neocentromere has a level of 
centromere protein very similar to the Y chromosome (Y), probably because they both lack the 
abundant centromere protein CENP-B. Y chromosome alpha-satellite lacks a CENP-B binding 
site and the neocentromere lacks alpha-satellite DNA altogether. (B) Experimentally-created 
neocentromeres on chicken chromosome Z. Green shows centromeres (anti-CENP-T). Red 
shows Z-specific micro-satellite marker. Neocentromeres are created at multiple positions on 
chromosome Z. Immuno-FISH experiments performed by Wei-Hao Shang.
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term ‘neocentromere’ was first 
used to describe this phenomenon 
in the 1950s, These are not ‘true’ 
neocentromeres in the modern 
sense, as they do not assemble 
kinetochores, but they instead bind 
microtubules by another mechanism. 
Plant neocentromeres in the 
modern sense were first reported by 
Nasuda and co-workers in 2005 and 
subsequent studies have identified 
neocentromeres in various other 
plant species.
How are neocentromeres mapped? 
Neocentromeres were originally 
detected by immunofluorescence on 
mitotic chromosome spreads with 
anti-centromere antibodies. Mapping 
by such a cytogenetic technique is 
inherently low in resolution. These 
days, the chromosomal position that 
corresponds to a neocentromere is 
defined by using ChIP-seq analysis to 
map the region of chromosomal DNA 
occupied by the centromere-specific 
histone variant CENP-A.
How big is a neocentromere? 
Neocentromeres can range in size 
from several kb in fungi, to 40 kb in 
chickens, to around 90 kb in humans, 
to >300 kb in plants. Although 
neocentromere size seems smaller 
than the size of repetitive natural 
centromeres, which sometimes span 
megabases (Mb), the centromere 
proteins found at neocentromeres 
encompass the full complement 
of those at natural centromeres, 
suggesting that most neocentromeres 
are functionally equivalent to natural 
centromeres.
How do neocentromeres form? We 
don’t know exactly, but evidence 
suggests that neocentromeres 
form at regions of the chromosome 
where a bit of CENP-A tends to bind 
randomly — in chicken cells, this has 
been called the ‘CENP-A cloud’, and 
comprises several Mb surrounding 
the natural centromere. When natural 
centromeres are active, additional 
centromere proteins do not assemble 
in the CENP-A cloud. However, if 
natural centromeres are disrupted, 
the CENP-A cloud may function as a 
seed for neocentromere formation. 
The three-dimensional architecture 
in cell nuclei might also contribute 
to forming CENP-A-rich chromatin 
in non-centromeric regions, because 
neocentromeres are sometimes 
created at positions distant from the 
original centromeres.
Why would a patient have a 
chromosome without a centromere 
that seems to be present in all of 
their cells? This question was asked 
to one of us by a cytogeneticist. The 
response was, “If the chromosome 
is segregating, it must have some 
kind of centromere.” In this case 
(as in others), the neocentromere 
did not make a prominent primary 
constriction, did not form a C-band, 
and did not bind the centromere 
protein CENP-B (alpha-satellite 
binding protein), so the chromosome 
looked like it didn’t have a 
centromere. But it did.
Why are there no neocentromeres 
in budding yeast? The budding 
yeast point centromere is determined 
by DNA sequence and is not 
epigenetic. Genetic determinants 
are thus the critical factors for 
centromere specification in budding 
yeast. However, recent studies 
have detected a ‘CENP-A cloud’ in 
budding yeast. The function of this 
cloud is yet to be determined.
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Fish cognition 
Redouan Bshary1,* and Culum Brown2 
The central nervous system, and the 
brain in particular, is one of the most 
remarkable products of evolution. 
This system allows an individual 
to acquire, process, store and act 
on information gathered from the 
environment. The resulting flexibility 
in behavior beyond genetically coded 
strategies is a prime adaptation 
in animals. The field of animal 
cognition examines the underlying 
processes and mechanisms. Fishes 
are a particularly interesting group 
of vertebrates to study cognition for 
two reasons (Figure 1). First, they 
occupy a key position in the vertebrate 
phylogenetic tree: the common 
ancestor of the tetrapods was a bony 
fish. Thus, all vertebrates share key 
genetic features that code for the body 
structure, including the vertebrate 
brain. Similarities in brain structure 
and function are hence likely to be 
due to common ancestry. A second 
reason to study fish cognition is that 
fish have had their own independent 
evolution/radiation since they split 
from tetrapods. Bony fishes are by 
far the most species-rich vertebrate 
group. As a consequence, they provide 
the best options for a comparative 
approach that aims to link the 
evolution of cognition to a species’ 
ecology. Therefore, the study of fishes 
may reveal general principles of 
ecological effects on cognitive abilities 
in vertebrates. 
In comparative cognition, humans 
are often used as a reference point 
to determine whether other species 
possess similar cognitive abilities. 
Some researchers, in particular 
primatologists, use the comparative 
approach to find similarities due to 
common ancestry. Comparing all 
vertebrate taxa, including fishes, 
may thus reveal the shared cognitive 
tool box of vertebrates. A prime 
example is the recent discovery that 
all vertebrates share a network of 
brain areas that is involved in social 
decision making. The similarities 
strongly suggest that a verison of this 
network was present in the commmon 
ancestor of all vertebrates. On the 
other hand, studies on fishes may 
